Introduction
The acoustical methods of studying the properties of solids are quite promising [1] [2] [3] [4] . It was established previously [5, 6] that the ultrasound propagation rate measured directly for metal specimens tested in tension would depend on material structure, total deformation and flow stress. Similar data were obtained for small total strains in [7] [8] [9] . Of particular interest is the form of ultrasound propagation rate dependence on flow stress obtained for the tested brass specimen (Fig.1 ). This consists of three linear parts that can be described [5] by the equation
Here the empirical constants 0 V and ξ have different values for the different stages of the flow process. From Figure 1 follows that ξ can be both positive and negative. However, the proportionality S V σ is always fulfilled within a single stage with the correlation coefficient ρ ≥ 0.9. Fig. 1 . The ultrasound propagation rate dependence on flow stress obtained for the tested brass specimen
Experimental results
The goal of the present study is to verify that Eq. 1 can be used for the evaluation of mechanical characteristics of materials by the non-destructive method developed. To elucidate the issue the
was obtained for various kinds of alloys (see Table 1 ). The propagation rate of Rayleigh waves was measured directly for flat specimens tested in tension by the method of sound impulses self-circulation.
The units designed for ultrasound method implementation and made in small lots are Acoustic Strain Tester Rapid (ASTR) and Acoustic Non-Destructive Analyzer (ANDA). These are meant for structural integrity inspection of metals and alloys in metalwork and machine parts during long-term service in both regular and severe conditions. The general principle of operation of the units is selfcirculation frequency measurement of Rayleigh wave impulses [10] . They are simple in operation and allow the ultrasound rate to be measured to an accuracy of ~3⋅10 -5 . 
The above normalization permits pooling of the data obtained for all the materials tested; stages Here i is stage number 1 or 2; the constants κ i and α i are independent of the kind of material and are evaluated experimentally. It is found that the respective values for stages 1 and 2 are as follows: κ 1 =1±2.7⋅10 -4 and κ 1 =1.03±3⋅10 -3 ; α 2 = 6.5⋅10 -3 ±4.7⋅10 -4 and α 2 = 3.65⋅10 -2 ± 3.2⋅10 -3 .
From Eq. (2) follows
which can be used for the estimation of strength limit at small total plastic strains precluding specimen failure. To do this, the ultrasound propagation rate, S V , is measured at the stress 
The correlation coefficient is ~ 0.96. The above testifies the efficiency of the proposed method for strength limit evaluation in structural materials, which deform at small total plastic strains precluding failure. Thus, it is a promising method for structural integrity monitoring of metalwork and machine parts.
The nature of the above relation might be addressed on the assumption that material hardening is determined by the magnitude of internal stress fields, which moving dislocations have to overcome. On other hand, with increasing internal stresses, the ultrasound propagation rate decreases [5, 6] . Thus, the above two values are defined by the same factor; therefore, they are closely correlated.
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Conclusion
Thus, the non-destructive method designed for estimation of mechanical characteristics facilitates considerably residual stress measurement in real objects. This is based on the correlation between the ultrasound rate and the level of residual internal macro-stresses in tubes and round billets. The applications of the ultrasound method also include:
• analysis of stress-strained state of heavily loaded large-sized metalwork, e.g. bridges;
• evaluation of the remaining lifetime of water-tube boiler parts and pipelines;
• estimation of residual stresses in steels and alloys by welding;
• monitoring of high pressure vessels in chemical industry;
• monitoring of cumulative fatigue damages;
• analysis of chemical heat-treatment of surface (carburizing, nitriding, hydrogen saturation);
• monitoring and evaluation of the remaining lifetime of railway transport parts.
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